Since the publication of Regulation (EC) N°2073/2005, RTE food allowing the development of Listeria 27 monocytogenes, including cheese, have to be exempt of the pathogen in 25g. This review was carried out in 28 order to gather studies on the prevalence of the pathogen in various types of cheese in Europe, while also 29 including data about the situation in other continents. Given that Regulation (EC) N°2073/2005 distinguishes 30 cheeses allowing or not the survival of L. monocytogenes based on pH and water activity (a w ), the review also 31 focuses on the determinants of this growth/no growth in the same types of cheese. 32 33
INTRODUCTION
expected that Walloon Maquee, a high moisture acidic fresh cheese from Belgium with a low pH, is less 150 susceptible to L. monocytogenes contamination and growth. Studies on these acidic cheeses are rarer because it 151 is expected that their pH prevents survival of the bacterium. Nevertheless, data from Table 1 demonstrate was more susceptible to listerial contamination; nearly 2.0% of the 108 samples being contaminated (Di Pinto et 162 al. 2010 ). This type of cheese also undergoes a heat treatment after curdling, but at a lower temperature, around 163 55°C. This seems to be insufficient to kill all the L. monocytogenes bacteria. In addition to that, probability of 164 post-processing contamination is again well real. Requeson, a whey cheese from Mexico, presented a prevalence 165 of 6.7% (Rosas- Barbosa et al. 2014 ). On the opposite, 30 samples of Ricotta, another whey cheese, were free of 166 L. monocytogenes (Parisi et al. 2013 ). Requeson and Ricotta are however cooked up to 80-90°C during process. 167
Again, post-processing steps play thus a major role in the contamination with L. monocytogenes in the product 168 (Santorum et al., 2012) . 169
Soft and semi-soft cheeses 170
Soft cheese is manufactured without pressing, with a relatively short ripening time, and has a creamy 171 texture. In contrast to fresh cheese, soft cheese can be manufactured from enzymatic or lactic curd. Soft cheeses 172 can be divided into two main categories. On the one hand mold-ripened soft cheeses have a typical white rind, 173 composed of Penicillium camemberti and/or Geotrichum candidum. Camembert and Brie are well known mold-174 ripened soft cheeses. On the other hand, smear-ripened soft cheeses, i.e. washed rind or bacterium-ripened soft 175 cheeses, generally present red rinds. During ripening, they are brushed or washed with salted water containing or 176 not specific starters. The rind is generally composed of coryneform bacteria, now presented as Actinobacteria 177 (Rea et al. 2007) . Pressing is part of the production process of semi-soft cheese, but due to a limited ripening 178 time, it remains creamy and foldable. A wide variety of semi-soft cheeses can be found in European countries,including Saint-Paulin and Reblochon. Blue-veined cheeses, containing Penicillium roqueforti in their core, are 180 considered as soft or semi-soft cheeses in this review. 181
The diversity of soft and semi-soft products and processes is much greater than for fresh cheeses. In a study 182 conducted in Belgium, soft and semi-soft cheeses had a pH range from 4.16 to 7.47, and an a w from 0.93 to 0.99 183 (Lahou and Uyttendaele 2017). However, the majority of soft and semi-soft cheeses presents physico-chemical 184 conditions that are favourable for the survival and growth of L. monocytogenes, in terms of both pH and a w . 185 Table 2 before ripening. This last study highlights the role of the ripening period in the decrease in L. monocytogeneslevels in hard and semi-hard cheeses. This role will be described in the next part of this review. 267
Survival OF L. MONOCYTOGENES IN CHEESE 268
In order to understand the survival of L. monocytogenes in cheese during process, ripening, packaging and 269 storage, challenge-tests can be performed. These consist of an inoculation of the pathogen during process. 270
According to Bernini et al. (2013) , "challenge testing evaluates if an inoculated organism can grow in a specific 271 product and determines the point at which the growth reaches unacceptable levels in a specific product". The 272 pathogen can also be directly injected into the final product. Alternatively, studies can focus on natural 273 contamination of the product. This approach is called a "durability study". Both types of investigation have 274 advantages and disadvantages. On the one hand, durability studies seem to be more realistic because 275 contamination is natural. Indeed, it is difficult to mimic a correct level of contamination when challenge-testing a 276 product. On the other hand, it is sometimes very hard to perform a durability study because of the low 277 occurrence or low level of contamination of the concerned product (EURL Lm 2014). 
Fresh cheese 288
The a w of fresh cheese cannot prevent the survival and, in some cases, the growth of L. monocytogenes. Blanco (pH 6.8), L. monocytogenes was able to grow, irrespective of the storage temperature (Uhlich et al. 296 2006) . In addition to pH, level of initial inoculum also had an influence (Schoder et al. 2003) . Coating of spices 297 around fresh cheeses was not found to prevent listerial growth (Lobacz et al. 2016) . 298
Soft and semi-soft cheese 299
Soft cheeses represent the most risky category of cheeses regarding L. monocytogenes, due to favourable pH 300 and a w . In terms of temperature, it is observed that the multiplication of L. monocytogenes is also slower at lower 301 could also be influenced by the concentration of undissociated lactic acid. They showed that L. monocytogenes 399 was unable to grow in Gouda cheeses when undissociated lactic acid concentration are higher than 6.35 mM. 400
To our knowledge, a single study reported the growth of L. monocytogenes in a hard cheese, Gruyere, made 401 from pasteurised milk (Leong et al. 2014) . The fact that this cheese was stored at an abusive temperature of 25°C 402 could explain the growth of L. monocytogenes. 403
CONCLUSION 404
Occurrence and survival of L. monocytogenes in cheese are important research topics, listeriosis being the 405 only foodborne disease for which an increase is observed for the period 2012-2016. Globally, it seems well 406 established in the literature that some categories of cheese are more susceptible to allow the growth of 407 cheeses, its growth is generally not possible, due to lower pH or moisture. The trend that favours the use of 410 pasteurised milk for cheese production does not seem to be backed by the available literature. It indeed seems 411 that no obvious difference can be observed in the prevalence of L. monocytogenes in raw compared to 412 pasteurized milk cheese. Worse, pasteurized milk could favour the survival of the pathogen, the cheese being 413 free of competitive natural lactic microflora. Moreover, most of cheese contamination are not linked to the 414 microbial quality of the milk but to a lack of hygiene during the post-pasteurization or post-processing steps. 415
Another important factor to take into account while talking about prevalence and survival of L. monocytogenes is 416 the physico-chemical differences between cheese surface and cores. Indeed, pH is generally more favourable on 417 the surface. Another factor to take into account while studying the prevalence of L. monocytogenes is its 418 heterogeneous distribution in a single batch, but also in a single piece. 419
FUTURE RESEARCH AND RECOMMENDATIONS 420
This review revealed that most studies focus on cheese from Hispanic countries or from France. Data from 421 other European countries, like Belgium are currently scarce However, there is a wide diversity of typical cheeses 422 in these regions Therefore, it would be of interest to perform a large-scale investigation on the occurrence of 423 L. monocytogenes in these countries, for instance in Belgium. This study should be followed by inoculation and 424
shelf-life studies for a panel of Belgian cheeses. In these studies, the pathogen should be inoculated either in the 425 core or on the surface, depending on the physico-chemical conditions. Furthermore, a lot of studies presented in 426 this review used to high initial contaminations, which did not reflect the reality. It is indeed suggested by EURL 427
Lm to target an initial inoculum of 2 log cfu/g. In addition, EURL Lm also advises that the temperature should 428 vary during storage of inoculated cheeses during shelf-life studies, in order to mimic the different steps of the 429 food supply chain. Very few papers have considered these changes in storage temperatures. The purpose of such 430 a large-scale investigation would be to extrapolate the results to all cheeses presenting the same properties. 
